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Descriptive  Physical  Oceanography  of  the  North  Pacific, 
Sea  of  Japan  (East  Sea)  and  Sea  of  Okhotsk 

Janice  D.  Boyd 
Naval  Research  Laboratory 
Slcnnis  Space  Center,  Mississippi 


The  region  of  interest  for  this  Study  Group  nnd  the  known 
radioactive  waste  disposal  areas  are  shown  in  Figure  I.  Known 
waste  sites  occur  in  the  Sea  of  Japan  (also  known  as  the  East 
Sea),  tlie  Sea  of  Okhotsk  and  the  Nortli  Pacific  off  the  Kam¬ 
chatka  Peninsula.  Other  sites  may  be  located  later  as  additional 
inlorinalion  on  the  radioactive  waste  disposal  problem  becomes 
known. 

Important  oceanographic  considerations  in  this  region  as 
applied  to  the  problems  of  nuclear  waste  disposal  and  disposed 
nuclear  waste  remediation  include; 

•  Bathymetry,  or  water  depth; 

•  Sea  bottom  composition; 

•  Currents; 

•  Fronts; 

•  Wave  fields;  and 

•  lee  cover 

as  well  as  biological  and  biochemical  factors  whose  complex 
impacts  can  only  be  generally  mentioned  here. 


The  first  consideration,  water  depth,  is  of  particular  impor¬ 
tance  if  bottom-resting  wastes  arc  to  be  inspected  or  if  remedi¬ 
ation  efforts  such  as  recovery  or  enclosure  arc  to  be  under¬ 
taken.  Present  engineering  capabilities  for  inspection  and 
handling  extend  to  depths  of  up  to  3  km  (A.  Watt,  SulxSca 
Inlcrnalional,  personal  coniinunicalion,  199.S),  but  such  activi¬ 
ties  are  much  cheaper  and  easier  in  shallower  water.  Shallow 
disposal  locations  may  present  certain  negative  complications, 
however.  Shallow  water  provides  less  local  dilution  capability 
in  the  case  ol  liquid  wastes  or  leaking  bottom-resting  wastes, 
and  storm  waves  may  penetrate  deep  enough  to  dislodge  or 
damage  bottom-resting  wastes  in  very  shallow  regions.  Water 
depth  also  influences  the  local  biota.  Deep  open  ocean  areas 
typically  arc  relatively  sparsely  populated  by  living  organisms, 
both  in  the  water  column  and  on  tlie  bottom,  while  shallow 
nearshore  regions  arc  usually  much  more  productive  and  often 
arc  heavily  lished  or  othcrwi.se  exploited  by  people,  opening 
up  the  possibility  ol  contamination  of  human  food  sources. 
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Figure  L  Geo/;rciphy  of  llic  area  of  interest  in  the  North  Pacific,  Sea  of  Japan  (East  Sea)  and  Sea 
of  Okhotsk  and  the  known  radioactive  waste  disposal  areas.  (Front  Yahlokov  et  al.  1993.) 


I  he  aica  halhynicliy,  with  details  (oi  llic  Sea  ol  Japaii  and  sula,  although  some  ol  the  Sea  ol  Japan  wastes  may  have  been 

the  Sea  of  Okhotsk,  arc  presented  in  Figures  2-4.  Known  solid  '  deposited  on  the  shallower  shelf  off  North  Korea.  If  deep  dis- 
radioactivc  waste  dumping  sites  lie  in  water  up  to  several  kilo-  posal  did  take  place,  tlie  deep  sites  may  prove  dilTieuIl  and 

meters  deep  in  the  Sea  of  Japan  and  oil  the  Kamchatka  Pen  in-  expensive  for  monitoring  or  retrieval  or  other  remediation 


hti^ure  2.  General  bathymetry  of  North  Pacific  and  adjacent  seas.  Depths  are  in 
meters.  (From  U.S.  Naval  Oceanographic  Ojfice  bathymetty  database  "DBDB5.") 


Fii^ure  3.  Detailed  halhymclry  in  the  Sea  of  Japan.  Depths  Fif;ure  4.  Detailed  bathymeuy  in  the  Sea  of  Okhotsk.  Depths 

are  in  meters.  ( Front  U.S.  Naval  Oceanographic  Office  are  in  meters.  (From  U.S.  Naval  Oceanographic  Office 

bathymetty  databa.se  "DBDBS. ")  bathymetry  database  “DliDllS. ") 
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cllorls.-  However,  in  (he  ease  of  holloni-rcsling  wastes  in  (he 
Japan  Basin  of  Ihc  Sea  of  Japan,  the  cxpcelcd  very  slow  vertieal 
mixing  and  Iransporl  out  of  the  deep  basin  would  suggest  any 
leakage  would  be  eonfined  to  tiic  Basin  ilself.  In  the  North 
Pacific  of!  the  Kamciiatka  Peninsula,  the  disposal  site  appears 
close  to  the  tectonically  active  subduction  /.one  of  the  Kuril 
Trench.  While  earthquakes,  submarine  landslides  and  turbidity 
currents  in  such  an  area  could  potentially  damage  containers 
that  enclose  radioactive  wastes,  much  of  any  resulting  leakage 
might  also  be  expected  to  remain  locali/.cd  in  the  deep  trench. 
Because  any  leakage  Irom  bottom-resling  nuclear  wastes  in 
these  deep  areas  would  be  anticipated  to  remain  confined  to  the 
deep  basins,  the  wastes  probably  present  a  low-level  near-term 
hazard.  However,  il  the  disposal  locations  arc  inaccurately 
known  and  the  wastes  arc  actually  situated  on  the  shallower 
shelf  01  slope  legions,  transport  outside  ol  the  local  region  may 
indeed  readily  occur. 

The  second  consideration,  sea  bottom  composition,  affects 
the  type  and  quantity  of  biota  present,  thus  affecting  the  impact 
of  wastes  on  the  local  ecology  and  the  paths  and  rales  of  trans¬ 
fer  of  nuclides  througii  the  food  chain.  The  chemical  interac¬ 
tions  (hat  take  place  between  various  waste  products  and  differ¬ 
ent  sediment  types  such  as  organic  material,  line  clay,  mud, 
sand,  giavcl,  etc.,  are  known  to  allect  physical  transport  mech¬ 
anisms  and  the  rales  and  paths  ol  chemical  sjiecies  through  the 
food  chain.  Different  sediment  types  also  impact  natural  burial 
of  bottom-resting  wastes  and  the  ease  or  difllculty  with  which 
in-silu  remediation  efiorls  may  take  place.  Natural  burial  would 
occur  more  readily,  for  example,  in  deep,  soft  mud  than  in 
sandy  gravel.  General  surface  sediment  types  in  the  Greater 
North  Pacific  region  are  shown  in  Figure  5.  From  this  figure, 
solid  radioactive  wastes  appear  to  have  been  dumped  in  regions 


ol  mud  and  ol  mud  ami  sand.  Actual  inspection  and  sampling 
at  individual  disposal  sites  would  be  required  lor  more  specific 
and  accurate  knowledge  of  the  relevant  bottom  composition  and 
(he  implications  of  that  composition. 

Disposal  ol  liciuid  wastes  and  leakage  of  contained  bottom- 
resting  wastes  have  chemical  and  ecological  consecjuences  in 
the  immediate  area,  hi  feels  outside  of  the  immediate  disposal 
area  will  depend  largely  on  physical  transport  by  ocean  cur¬ 
rents.  Both  the  direction  and,  particularly  in  the  case  of  short¬ 
lived  isotopes,  the  speed  of  Iransporl  are  important.  I*or  licpiid 
wastes  disposed  ol  near  the  siirlace,  surlace  currents  are  the 
most  important  laclor,  while  near-bottom  currents  will  disperse 
bottom-resting  wastes. 

OcCiinic  lionts  are  l)oundary  /.ones  between  water  masses 
of  dillerenl  cliaraclerislics,  often  separating  different  current 
regimes.  Across  these  /.ones,  certain  characteristics  of  the 
water,  such  as  temperature,  .salinity  or  nutrients,  change  signifi¬ 
cantly  over  short  hori/.oi]lal  distances.  Frontal  regions  typically 
arc  areas  ol  increased  biological  productivity  and  hence  often 
sites  of  concentrated  human  fishing  activity.  Di.sposal  of  pollut¬ 
ants  near  frontal  regions  or  transport  into  frontal  regions  can 
thus  potentially  have  serious  ecological  and  luiman  health  im¬ 
plications. 

I.*stimales  of  dispersal  of  near-surface  wa.stes  from  the 
dumping  sites  may  be  obtained  by  examining  the  average  near- 
suilacc  current  regimes  ol  the  region,  d'o  a  lirsl  approximation, 
wastes  would  be  expected  to  be  transported  at  a  speetl  and  in  a 
direction  given  by  these  currents.  The  physical  Iransporl  of  pol¬ 
lutants  dispo.scd  at  the  locations  of  Figure  1  may  be  estimated 
thiough  examination  ol  bigures  6—9,  the  climatological  surface 
cuiients  foi  the  area  and  their  approximate  speeds  for  both  sum- 
mc!  and  winter.  Care  must  be  exercised  in  using  conclusions 


/•■/>;;»•<?  5.  General  surface  sediment  types  in  the  North  Pacific  and  adjacent  seas.  (From 
U.S.  Navy  Hydrographic  Office  1951,  Naval  Oceanographic  Office  1978.) 
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dliivvn  Iroin  llicsc  cliiiuilologics,  however,  as  ihe  cuiTenls  arc 
highly  .smoothed  averages  in  time  and  space  of  what  would  be 
cx|>cctcd  at  any  particular  instant  or  location.  Any  conclusions 
arc  likely  to  be  more  accurate  over  the  longer  terms  of  months 
and  years  than  over  the  shorter  terms  of  hours,  days  or  weeks. 

Ihe  potential  lor  radioactive  concentration  in  the  biota  of 
frontal  /.ones  may  also  be  estimated  by  correlating  expected 
physical  transport  of  wastes  from  various  sites  with  the  loca¬ 
tions  ol  frontal  regions.  The  climatological  positions  of  the 
frontal  zones  in  the  study  area  are  given  in  Figures  10  and  1 1 . 
The  same  caveat  holds  for  climatological  frontal  positions  as 
for  climatological  current  patterns:  climatologies  are  not  neccs- 
saiily  accurate  dc.scriptions  ol  instantaneous  conditions. 

Examination  of  these  ligurcs  leads  to  the  lollowing  expecta¬ 
tions  for  physical  transport  and  frontal  concentration  of  surfacc- 
dispo.scd  nuclear  wastes  in  this  region  over  the  longer  term. 
Some  liquid  wastes  dumped  in  the  Sea  of  Japan  are  likely  to  be 
caught  up  iti  the  North  Korean  Coastal  Current  and  carried  to 
the  coast  of  North  Korea.  Others  may  be  caught  up  in  the 
Tsushima  Warm  Current  and  be  carried  to  the  coasts  of  Honshu 
and  Hokkaido.  Concentration  in  the  biota  of  the  Japan  Sea 
Polar  Front  or  the  Tsu.shima  Front  is  po.ssibic.  In  the  Sea  of 
Okhotsk,  liquid  wastes  will  potentially  be  transported  by  the 
East  Sakhalin  Current  to  the  eastern  coast  of  Sakhalin  and 
down  to  the  Kuril  Islands  and  possibly  into  the  Oyashio  and  out 
into  the  North  Pacific  via  the  North  Pacific  Current.  Concenlra- 


Fi(iurc  10.  Appmxiiiinic  positkm.s  of  the  main  ocean  frontal 
rcf’ions  in  the  Sea  of  Japan  {East  Sea).  {From  romezak  and 
Godfrey  1994.) 


tion  of  railioactivc  nuclides  in  the  biota  of  the  Soya,  Kuril  and 
pci  haps  West  Kamchatka  Fronts  is  possible.  Liquid  wastes  dis¬ 
posed  of  off  the  southern  coast  of  Kamchatka  arc  likely  to  be 
carried  into  the  North  Pacific  via  the  Oyashio  and  the  North 
Pacilic  Currents.  Having  drawn  the.se  conclusions  from  oceano¬ 
graphic  conditions,  it  must  al.so  be  noted  that  the  ecological  and 
human  health  significance  nfthc.se  expectations  will  depend 
upon  the  magnitude  of  the  dumping  and  the  half-lives  of  the 
constituent  isotopes  and  their  chemical  and  biological  pathways. 

Very  little  relevant  information  was  found  for  the  region  re¬ 
garding  near-bottom  currents,  which  will  govern  the  dispersal 
ol  leaking  bottom-dispo.sed  wastes.  Inspection  or  remediation 
of  bottom-disposed  wastes  will  be  impacted  by  local  currents, 
including  tidal  currents,  which  may  be  quite  different  in  both 
direction  and  magnitude  from  the  largcr-scalc  climatological 
currents,  which  will  control  the  long-term  transport  characteris¬ 
tics.  Additional  measurements  of  near-bottom  currents  on  both 
short  and  long  time  .scales  will  be  necessary  to  properly  asse.ss 
the  dilliculties  associated  with  monitoring  and  remediation  or 
the  significance  of  any  leakage. 

Finally,  the  (easibilily  ol  inspection  or  recurrent  monitoring 
ol  disposal  sites  will  be  depenileni  upon  the  acce.ssibility  of  the 
sites  to  inspection  vessels.  Wave  heights  and  sea  ice  extent  are 
important  considerations.  Temporary  wave  conditions  in  a  local 
area  which  arc  unsuited  lor  particular  operations  may  be  gener¬ 
ated  at  any  time  by  the  pa.ssage  ol  storms  and  atmospheric 
Ironis,  which  can  usually  be  predicted  shortly  in  ativance  by 
weather  reports.  Winter  will  usually  be  the  time  of  most  frec|ueiU 
and  most  extreme  unsuitable  wave  conditions,  and  a  feel  for  the 


A /,(,’// re  //.  Appro.ximale  po.sition.s  of  the  main  ocean  fronted 
rcf^ioii.s  in  the  Sea  of  Okhotsk.  (From  Tomezak  and  Godfrey 
1994.) 
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12,  Percent  of  the  time  \iY/ir.v  reach  or  exceed  .^.5  ni  ( 12  ft)  in  height  in  winter  in  the  North 
Pacific  and  adjacent  seas.  (Prom  Defense  Mapping  Agency  I9H9.) 


figure  13,  Percent  of  the  time  waves  reach  or  exceed  6  m  (20  ft)  in  height  in  winter  in  the  North  Pacijic 
and  adjacent  seas.  (From  Defense  Mapping  Agency  1989.) 


regions  most  likely  lo  experience  high  wave  conditions  can  be 
obtained  by  examining  climatological  charts  of  how  often  win¬ 
ter  waves  exceed  some  height,  such  as  12  feet  or  20  feet  (Fig. 
12  and  13).  FVom  these  figures  can  be  seen  that  the  most  fre¬ 
quent  high  wave  conditions  arc  expected  in  the  unprotected 
North  Pacific  off  Kamchatka,  where  between  20%  and  40%  of 
the  time  waves  higher  than  12  feel  arc  likely.  Such  waves  arc 


only  expected  10-20%  of  the  time  in  the  Sea  of  Japan  and  the 
Sea  of  Okhotsk. 

Maximum  sea  ice  extent  is  shown  in  Figure  14.  Sea  ice  is 
expected  to  be  extensive  in  the  Sea  of  Okhotsk  and  off  Kam¬ 
chatka,  On-site  inspection  is  likely  to  be  ha/.ardous  in  the  areas 
in  winter  (as  would  be  any  disposal  operations).  Sea  ice  also 
presents  another  transport  mechanism  for  suspended  or  dis- 
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Figm  e  M.  Maximum  extent  of  sea  ice  in  the  North  Pacific  and  adjacent  seas  in  winter.  (From  U  S. 
Department  of  Commerce  I96J.) 


solved  wastes,  with  the  transport  paths  likely  to  he  governed 
loughly  by  the  winter  climatological  surlacc  current  patterns. 

In  summary,  the  oceanography  of  the  Greater  North  Pacific 
region  will  strongly  affect  both  the  impact  of  pollutants  on  the 
natural  and  human  ecology  of  the  area  and  the  difficulties 
inherent  in  monitoring,  retrieving  or  minimizing  the  impact 
of  dispo.scd  wastes,  including  nuclear  wastes.  Our  knowledge 
ol  this  area  is  .sullicient  to  make  some  general  statements  about 
expected  longer-term  transport  pathways,  possible  impacts,  and 
difficulties  in  inspection  and  remediation,  but  there  is  no  assur¬ 
ance  these  general  statements  will  be  accurate  over  the  short 
term  and  in  spccifie,  loealized  cases.  Each  dump  site  would 
have  to  be  examined  in  greater  detail  before  policymakers 
could  be  supplied  truly  reliable  information  upon  which  to  ba.se 
decisions.  However,  it  cannot  be  too  strongly  emphasized  that 
these  after-the-lact  studies  and  efforts  are  far  less  desirable  than 
icasoned  bcfoie-thc-fact  studies  and  cMorts.  Before  any  dispo.s- 
al  of  hazardous  materials  takes  place  in  the  ocean,  a  realistic 
and  thorough  assc.ssmcnt  .should  be  made  to  .select  a  suitable 
site  and  to  gain  a  knowledge  of  such  factors  as  likely  current 
transports,  bottom  composition,  and  biological  and  geophysi¬ 
cal  pathways.  Plans  should  be  made  bcfore-lhe-fact  for  post- 
di.sposal  monitoring  and,  in  the  case  of  contained  wastes,  for 
icsponscs  to  both  slow  and  catastrophic  releases.  It  may  .some¬ 
times  be  impossible  to  formulate  satisfactory  after-the-fact 
plans. 
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